Background: With an increasing caseload of veterinary neurology patients in first opinion practice, there is a requirement to establish relevant learning objectives for veterinary neurology encompassing knowledge, skills and attitudes for veterinary undergraduate students in Europe. With help of experts in veterinary neurology from the European College of Veterinary Neurology (ECVN) and the European Society of Veterinary Neurology (ESVN) a survey of veterinary neurologic learning objectives using a modified Delphi method was conducted. The first phase comprised the development of a draft job description and learning objectives by a working group established by the ECVN. In the second phase, a quantitative questionnaire (multiple choice, Likert scale and free text) covering 140 learning objectives and subdivided into 8 categories was sent to 341 ESVN and ECVN members and a return rate of 62% (n = 213/341) was achieved.
Background
In the 1950s Bloom published "Taxonomy of educational objectives: the classification of educational goals" [1, 2] , which established learning objectives as one of the most important concepts in pedagogy. By clearly defining learning objectives, the assessment and evaluation become independent from the instructional mode used or the subjective opinions of the teachers [3] . Learning objectives are the educational foundation of a competence-oriented curriculum, which indicate the expectation of teaching/learning and the assessment thereof. The learning objectives define (A) WHO can (B) DO (C) WHAT (D) HOW MUCH or HOW WELL [4] . These abbreviations are symbols for an (A) AGENT (in this case a specifically addressed learner), who's specific (B) ACTION will be executed by a defined (D) PERFORMANCE LEVEL, in order to prove his learned knowledge, abilities or behavior of a given (C) CONTENT [4] . In other words, learning objectives define specifically what knowledge, skills and attitudes learners should obtain. These should be "SMART":
-Specific -Measurable / Observable -Attainable for target audience within scheduled time and specified conditions -Relevant and results-oriented -Targeted to the learner and to the desired level of learning [5] .
In a medical school setting, the professional training "would be extremely inefficient without a blueprint of knowledge, skills and attitudes transmitted by instructors and acquired by students. Without such a plan, a tight overlap between what is being taught, learned and examined could not be guaranteed" [6] , R. Bloch expressed here the importance and the necessity of involvement of learning objectives being the core of any good curriculum. Essential objectives help undergraduates to gain confidence and to focus on their learning process.
In veterinary medicine, as is the case in human medicine, neurology is recognized as an separate specialty [7] . During the 1990s -"the Decade of the Brain", neurological disorders were given national attention in the United States [8] . Due to the increasing life expectancy of people it was predicted that neurologic problems would become increasingly important within the human population [9] . To ensure the quality of neurologic training for all physicians, a process to define the core curriculum for neurology was initiated in October 1998, under the auspices of the Consortium of Neurology Clerkship Directors (CNCD) and the Undergraduate Education Subcommittee (UES) of the American Academy of Neurology (AAN) [10] .
Veterinary neurology is a flourishing specialization in Europe and the United States. Neurological diseases are common in veterinary practice and the level of understanding of these conditions has dramatically increased over the past few decades [11] . A search of the Web of Knowledge using the following parameters: "Topic = (dog) OR Title = (cat) AND Topic = (neuro)" reveals a significant increase of published items over the last 15 years, with almost 9000 publications in total. The growth of the veterinary neurology has also resulted in increased expectations from pet owners for their animals to receive specialized care [12] . A recent study from the Royal Veterinary College found that the cause of death in dogs in the United Kingdom was due to neurological cranial disease (including seizures) in 8,38% of dogs [13] , which reflects the requirement for neurology training in veterinary medicine. Consequently, undergraduate students need to be taught the basic principles of the discipline, must be able to recognize the clinical signs of neurologic disease, be able to manage neurologic emergencies, and know when to refer cases to specialists or have the necessary skill base to allow them to start a specialist training themselves.
Although learning objectives for veterinary neurology have been defined in many individual universities, Europe wide detailed learning objectives for veterinary neurology as well as other subjects have not yet been defined. There is a requirement for such objectives for veterinary neurology to be established in Europe. This could be achieved in a similar manner to the development of the US undergraduate curriculum, which was developed using the expert opinions of CNCD and AAN, with the help of certified and recognized specialists in Veterinary Neurology (e.g. European Diplomates of the European College of Veterinary Neurology (ECVN)) and advanced practitioners with a special interest in Veterinary Neurology (European Society of Veterinary Neurology (ESVN) members). The designated learning objectives could be used to define the basic necessary knowledge, skills and attitudes for undergraduate students in veterinary neurology. Assembled in the curriculum they would form the basis for competency-based training and outcome-based assessment and could motivate undergraduates towards postgraduate specialist training in the discipline.
The aim of the current study was to develop learning objectives for undergraduates using information gained via a survey of ECVN and ESVN members. The "undergraduate" in the study was referred to the pre-clinical and clinical year; moreover, the participants of the survey were informed to judge the level that undergraduate should reach after their clinical year. The international profile of the members helped to create learning objectives largely independent of cultural background. Experts helped to keep the contents of learning objectives "as much knowledge as necessary" and "as little knowledge as possible". In addition to the development of the learning objectives, the quality and level of these were defined. The current approach of curriculum development is not specific for Neurology and could also be used for other disciplines.
This study contains only part of the results of the whole survey. The participants of the survey were asked to judge each learning objectives for three groups: 1. for undergraduates, 2. for advanced practitioners and 3. for residents and ECVN Diplomates. The part including learning objectives for Residents and required job competencies of Diplomates of the European College of Veterinary Neurology will be published in part II.
Methods
A modified Delphi method was conducted to identify relevant learning objectives. Draft learning objectives were developed with the help of an ECVN curriculum-working group, the revised learning objectives were then assessed by Experts (ECVN and ESVN members) and the responses of these Experts were statistically analyzed.
Phase 1
Qualitative development of a draft of learning objectives with the help of an ECVN curriculum working group.
The draft was based on the structure and learning objectives recently created by the American College of Veterinary Internal Medicine (ACVIM) for evaluating the competencies of their residents (postgraduate veterinarians in a formal training program) in Neurology. The developed quantitative questionnaire with all these learning objectives was then distributed to 341 ESVN and ECVN members using Surveymonkey® (an online-survey provider). Every member received a unique link by e-mail for the questionnaire, which was active for 3 months. The users could pause and continue the questionnaire at any time during the active period. All data of this study were used anonymously and treated confidentially according to the EU Data Protection Directive 95/46/ EC. The clearance for this research project was given by the data protection officer of the University of Veterinary Medicine Hannover and followed the ethical regulations of the university.
The questionnaire was compounded of single/multiple choice questions for demographic data, Likert scale for learning objectives and free text for comments. Respondents were requested to indicate the importance of the learning objectives for undergraduates based on Bloom's taxonomic classification [14, 15] using the following Likert scale: 1 = Not Necessary 2 = As Beginner -Theory knowledge: knowing terms Practice Skills: knowledge of theory by practice 3 = As Advanced -Theory: Being able to interpret Practice Skills: perform under instruction by practice 4 = As Expert -Theory: Being able to discuss intellectually Practice Skills: perform independently Additionally, an option "No Idea" was available, and responses of this option were excluded from statistic analysis.
Phase 3
Statistical evaluation using Fisher's Exact Test.
To see if there were biases influencing the results of the survey several groups of respondents were created and compared to each other. All questions used the same Likert scale, which made the scale a defensible approximation to an interval scale. After consulting the statistical support service of the Institute of Biometrics of the University of Veterinary Medicine Hannover, the non-parametric Fisher's Exact Test was used with statistic software SAS® Version 9.2 under the assumption of unequal variances, two-tailed distributions and a significance level of 0.05. In addition, the responses were evaluated among the following groups to discover different opinions: The free text answers were also summarized and qualitatively presented, the three most important objectives would be presented. 
Results
The questionnaire was sent to 341 experts with a overall response rate of 62% (n = 213/341), of which 77% (164/213) submitted a completed questionnaire and were included in the analysis.
The completed questionnaires were from 83 ESVN (including 46 residents) and 81 ECVN-Diplomate members. The majority of the respondents worked in the United Kingdom (44), Germany (30), Italy (23) and Spain (15) . 45% of the respondents worked in academia, 44% in private specialty practice, 8% in both areas and 3% in industry or other organizations. Furthermore, 97% of the respondents worked mainly with small animals.
Of 140 learning objectives, 42 (30%) learning objectives were considered as not necessary for undergraduates, 94 (67%) were considered required to be achieved at beginners level, 4 (3%) at advanced level and none at expert level (Additional file 1). The 42 disregarded objectives were in the area of electrodiagnostic tests (57%; n = 24/ 42), performing CSF puncture, most surgical techniques and advanced techniques in neuroradiology (Additional file 1).
The ten learning objectives with the highest mean rating (2.58-2.25, beginner to advanced level) are listed below (Table 1) . They could be considered as "day one skills" for undergraduates in neurology. The first five learning objectives did not include specific neurologic themes, but were transferable skills necessary for accurate neurologic diagnoses, and the last five were associated with neuroanatomical localization, general clinical reasoning and with specific common disease presentations (intervertebral disc disease and seizures). A list of day one skills containing only neurologic competencies was listed in Table 2 .
In free text questions the respondents named the three most important antiepileptic drugs currently used in veterinary neurology and these included benzodiazepine, phenobarbital, potassium bromide (following levetiracetam, gabapentin and zonisamide); the three most important immunosuppressive or anti-inflammatory drugs were glucocorticosteroids, azathioprine and cyclosporine; the three most important chemotherapeutic drugs groups were: nitrosoureas, cytosine arabinoside and nitrogen mustards.
The three most important diseases of the central nervous system (CNS) that respondents thought that an undergraduate veterinary student should be knowledgeable about included epilepsy, intervertebral disc disease and inflammatory diseases of CNS. The three most important diseases of the peripheral nervous system (PNS) were considered to be polyradiculoneuritis, myasthenia gravis, neurotoxins.
Evaluation of the learning objectives by ESVN or ECVN members
All 164 completed questionnaires were included in the analysis (83 ESVN members and 81 ECVN-Diplomates). Interestingly, there was no difference between ESVN and ECVN members in what level they expected from an undergraduate veterinary student (Figure 1 ). Of the 140 learning objectives, significant differences (P < 0.05) were detected in only 8 learning objectives (Table 3) , of which 6 learning objectives received a higher rating from ECVN Diplomates.
Evaluation of the learning objectives by experts who work in German-speaking or in non-German-speaking countries 38 Respondents were working in German-speaking countries, 126 respondents in non-German-speaking countries. In this comparison, the expectation from both groups was almost identical (Figure 2 ). Only 3 learning objectives were graded significantly different (Table 4) .
Evaluation of the learning objectives by experts, who do perform or do not perform neurosurgery
This evaluation was only performed in the category neuroanesthesia/neurosurgery with 17 (4 theoretical and 13 practical skills) learning objectives. The group of respondents not performing surgery expected all 17 learning objectives to reach beginner's level; in contrast, respondents performing-surgery rated 4 skills as not necessary (Figure 3 ). Though no significant difference was detected between the two groups, respondents not performing surgery had higher expectations.
Evaluation of the learning objectives by Experts, who have experience in veterinary neurology for 0-5, 6-10 or >10 Years When comparing groups of different experience levels, the members of the 0-5 years' group expected more learning objectives to reach beginner's level than the group with 6-10 years of experience or >10 years ( Figure 4 ). Significant differences were detected between the groups (Table 5) . Moreover, the group with 0-5 years experience expected 6 learning objectives of 24 in the category of electrodiagnostics to reach beginner's level, while the other 2 groups regarded all as not necessary.
Discussion
The goal of this study was to determine a catalog of learning objectives for veterinary neurology undergraduate curricula in a European framework. The statistical results of the returned questionnaires show interesting findings between different groups. Experts from areas of teaching, research and practice were involved in the first phase to develop a draft of learning objectives. 97% of the respondents worked mainly with small animals, reflecting the main working area of employment of veterinary neurologists. Further examinations, such as electroencephalography, myelography, computed tomography or magnetic resonance imaging are mostly performed as routine tools in small animals and only to a smaller extent in large animals.
Only for 4 (3%) of the 140 learning objectives the ESVN/ECVN group felt undergraduates should reach an advanced level. These objectives were all listed in the categories laboratory and radiology and were nonneurology specific. The undergraduates should be able to understand and interpret the result of hematology, serum chemistry, urinalysis and organ function test and radiographs of the abdomen and thorax. The ten learning objectives (Table 1) with the highest mean rating could be considered as the neurology day one skills for undergraduates, which also include five general transferable skills.
Undergraduates were expected to reach beginner level of understanding (knowing terms by theory or knowledge and comprehension of theory by practice) for 67% (94/ 140) of the analyzed learning objectives. These objectives would be ranked relatively low in the cognitive domain of Bloom's Taxonomy. In addition, 30% (42/140) of the learning objectives in the categories of electrodiagnostic tests, CSF puncture, bone marrow aspiration, biopsy, advanced neurosurgical skills and neuroradiological techniques were considered as not necessary for undergraduate students. Based on our findings undergraduates should have basic understanding of most of the analyzed objectives, however, they should be motivated to further their knowledge and skill sets.
To see if the results were influenced by the role of the respondents (interested practitioners vs. an exclusive specialization) the members of ECVN and ESVN were compared separately. They ranked all learning objectives similarly. ECVN members gave, however, higher mean ratings than ESVN members in eight of the learning In order to evaluate if a defined group of European countries had different opinions from those of other countries and to examine if there was a bias because the study and survey were organized from German researchers, German-speaking countries were evaluated separately and compared with the others. There were only three learning objectives that demonstrated significant differences between the two groups. The international community of the ESVN and ECVN, in particular their regular meetings, may contribute to this uniform result. Furthermore, the mission of the EAEVE (European Association of Establishment for Veterinary Education) is to ensure a comparable quality of veterinary medical education across the member states of the European Union [16] , which may also be an explanation for this phenomenon.
The respondents were divided in groups performing or not perfoming neuro-surgery to see if this former specialization influences the answers to the survey. Experts who performed surgery agreed that four of the seventeen objectives in the category neuroanesthesia/ neurosurgery were not necessary. On the other hand experts who didn't perform surgery expected all learning objectives to reach beginner's level (knowing terms or knowledge of theory by practice). Even if this difference was not significant, it shows a tendency for experts in surgery to have less high expectations than medical neurologists. Neurosurgery is a specific area in surgery. For undergraduates an advanced or expert level should not be considered necessary. However, they should know the terms by theory and understand the knowledge of theory by practice via for example lectures, seminars, eLearning or skills laboratories. Miller describes the assessment of clinical skills as a pyramid and suggests that the undergraduate student should reach the second level "Know How", which means the undergraduate should "Know" and/or "Know How" a certain clinical procedure is performed, but it is not yet necessary to reach the "Show How" level [17] . Fundamental knowledge for surgery can be acquired passively by lectures and the active learning usually takes place during clinical rotations [18] . In skills laboratories various simulators provide hands-on training, representing alternative possibilities for different psychomotor objectives [19] .
The interesting and surprising finding in this comparison was that the less experienced group expected more learning objectives for undergraduates to reach a beginner's level and also gave higher mean ratings than the groups with more experience. In addition, less experienced group also demonstrated greater interest in Figure 2 Distribution of expected level: comparison between who work in German-speaking and non-German-speaking countries. By German-speaking, 25% (n = 35) of learning objectives would be considered as not necessary, 73% (n = 102) as beginner and 2% (n = 3) as advanced. By non-German-speaking, 25% (n = 35) as not necessary, 72% (n = 101) as beginner and 3% (n = 4) as advanced. Table 4 Rating of the importance of learning objectives: comparison between respondents who work in German-speaking and non-German-speaking countries
Mean rating Germanspeaking
Mean rating Non-German-Sp.
P-value Anatomy and Physiology
Understand the functional neuroanatomy of the peripheral nervous system 2,05 2,14 0,0278
Pharmacology and Toxicology
Understand the therapeutic index in relation to drug efficacy and safety Values in boldface have a higher mean rating. Three 3 learning objectives were rated significantly differently.
electrodiagnostic tests and considered them more important than another groups. In the 24 learning objectives of electrodiagnostic tests the less experienced group expected undergraduates to reach beginner level in 6 (25%) learning objectives, while the 2 other groups regarded all of them as unnecessary. Because veterinary neurology is very closely associated with a number of different veterinary disciplines, implementation of the learning objectives in the current curricula with an increasing interdisciplinary cooperation would be preferable. With the help of inter-institutional support and expertise from different fields of veterinary science, a meaningful interdisciplinary cooperation provides valuable teaching and learning synergies [20] .
Additionally, elective courses could also be offered. Moreover, E-learning is an ideal supplement to classroom education. An example is the platform CASUS® providing various interactive neurology themes for veterinary undergraduates, which is regarded as an efficient teaching method [21, 22] . Using such tools the most important diseases can be provided for self-study. A study performed in the UK describes the phenomenon "Neurophobia" around human medical students [23] . Such undergraduates may profit using different media to help learning the broad field of neurology. Moreover, Ridsdale et al. mentioned also the phenomenon of neurophobia in human medicine and suggested that one of the reasons of neurophobia may comes from unfocussed neurology teaching [24] , because knowledge of neurology are often taught in different parts of discipline. A complete and transparent list of learning objectives therefore may help trainers by curriculum designing and the undergraduates will profit from it as well. The undergraduates can concentrate on essential knowledges and the transparency of these learning objectives may help them reduce the neurophobia.
With the result of this pilot study, we expect that veterinary neurology, as a niche discipline, would not only provide the orientation for training of undergraduates in veterinary neurology, but might also be a role model for the development of European learning objectives in other specific areas in veterinary medicine.
One of limitations of this study is that some of the learning objectives listed in the survey were not written in very detailed and specific way. 1.5 hours were needed to finish the current survey with 140 learning objectives; an additional specific description of the learning objectives would have made the survey too lengthy and reduced the return rate.
The learning objectives of the current study include only cognitive and psychomotor skills. The affective domain was not included. The affective domain includes values, attitudes, behaviors or student motivation for learning, describing how we interact with others [25, 26] , how we act in the society, how veterinarians care for patients or pet owners, communicate with pet owners and how they demonstrate their morality in particular situations, which is also defined in Good Medical Practice [27] . Figure 3 Distribution of expected level from the groups "offering surgery" and "not-offering surgery". By "offering-surgery", 24% (n = 4) of learning objectives would be considered as not necessary, 76% (n = 13) as beginner and none of them as advanced. By "non-perform-surgery", none as not necessary, 100% (n = 17) as beginner and none as advanced. Figure 4 Distribution of expected level from the groups with different experience in neurology (0-5, 6-10 and >10 years). By experience with 0-5 years, 19% (n = 26) of learning objectives would be considered as not necessary, 78% (n = 109) as beginner and 3% (n = 5) as advanced. By 6-10 years, 28% (n = 39) as not necessary, 70% (n = 98) as beginner and 2% (n = 3) as advanced. By >10 years, 27% (n = 38) as not necessary, 69% (n = 96) as beginner and 4% (n = 6) as advanced. Values with *, indicate the significance of the learning objectives between groups 0-5 and 6-10; for groups 6-10 and >10 are indicated with **; and groups 0-5 and >10 with ***.
